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(54) Electrolumisescent 9,9-bls(4-amino)-1 ,1 '-blphenyi)f luorene derivatives 

(57) Aryiamine derivatives that can be utilized as hole transport or hole injection materials of organic electrolumi< 
nescence devices, electrophotographic reactors, etc., and synthetic intermediates thereof, and processes of producing 
those. The aryiamine derivative is represented by the general formula (1): 




wherein R"" to each independently represents a hydrogen atom, an alky! group, an allcoxy group, an aryl group, an 
aryloxy group, a halogen atom, an amino group, etc.: Ar*" and Ar^ each independently represents a substituted or 
unsubstituted aryl group or hetero-aromatic group, and Ar^ and Ar^ may fomi a nitrogen -containing heterocyclic ring 
together with the nitrogen atom to which Ar"* and Ar^ bond; and Ar^ represents a substituted or unsubstituted arylene 
group. 
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Description 

[0001] The present invention relates to novel arylamine derivatives having a fluorene skeleton, di(haloaryl)tluorene 
derivatives as synthetic intermediates thereof, processes of producing those, and organic electroluminescence (EL) 
5 devices. The novel arylamine derivatives having a fluorene sl<eleton can be used as photosensitive materials and 
organic photoconductive materials and more specificaliy, can be utilized as hole transport or hole injection materials 
and luminescent materials of organic EL devices used for planar light sources or displays, electrophotographic recep- 
tors, etc. 

[0002] Organic photoconductive materials that are developed as photosensitive materials or hole transport materials 

10 have many advantages such as low costs, variable processability, and non-pollution, and many compounds are pro- 
posed. For example, there are disclosed materials such as oxadiazole derivatives (for example, US Patent 3,1 89,447), 
oxazole derivatives (for example, US Patent 3,257.203), hydrazone derivatives (for example, JP-A-54-59143). tri- 
arylpyrazoline derivatives (for example, JP-A-51 -93224 and 55-108667), arylamine derivatives (for example, JP-A- 
55-144250 and 56-119132), and stilbene derivatives (for example. JP-A-58-1 90953 and 59-195658). 

15 [0003] Above all. arylamine derivatives such as 4,4',4"-trls[N,N-( 1 -naphthyl)phenylamino] triphenylamine 
( 1-TNATA), 4,4'.4Mris[N,N-(m-tolyi)phenylamlno]triphenylamine (MTDATA), 4,4'-bis[N-(1-naphthyl)-N-phenylamino] 
bipheny] (a-NPD), and 4.4'-bis[N-(m-tolyl)-N-phenytamino]biphenyl (TPD) are frequently used as hole transport or hole 
injection materials (Advanced Materials, (Germany), 1998, Vol. 10, No. 14, pp.1108-1112 (Rg. 1 and Table 1), and 
Journal of Luminescence: (Holland), 1 997, 72-74, pp.985-991 (Fig. 1 )). However, since these materials have drawbacks 

20 such as poor stability and poor durability, development of hole transport materials having an excellerrt hole transport 
capability and a high Tg (= glass transition temperature) and having durability is desired at present. 
[0004] Further, as a process of producing arylamines, there is known a method of using a catalyst comprising a 
triaikylphosphine and a palladium compound in the amination reaction of aryl halldes by an amine compound in the 
presence of a base, as described in, for example, J P-A-l 0-320949. 

25 [0005] An object of the present invention is to provide novel materials having an excellent hole transport capability, 
having aTg higher than a-NPD or MTDATA and having durability 

[0006] In partteular, the present invention provides novel arylamine derivatives that are suitable for hole transport 
materials and luminescent materials of organic EL devices, etc. 

[0007] The atiove object has been solved by the finding that arylamine derivatives represented by the following 
30 general formula (1) have a high Tg and can be utilized as a blue luminescent material. 

Specifically, the invention relates to a novel arylamine derivative having a fluorene skeleton represented by the 
general formula (1) and a process of producing the same and an organic EL device using a novel arylamine derivative 
having a fluorene skeieton represented by the general formula (1). 

35 



40 



45 




so 

wherein R' to each independently represents a hydrogen atom, a linear, branched or cyclic alkyt group or alkoxy 
group, an aryl group, an aryloxy group, a halogen atom, an amino group, or a group represented by the following 
general formula (2), (3) or (4); Ar^ and Ar^ each independently represents a substituted or unsubstituted aryl group or 
hetero-aromatic group, and Ar^ and Ar^ may form a nitrogen-containing heterocyclic ring together with the nitrogen 
ss atom to which Ar^ and Ar^ bond; and Ar^ represents a substituted or unsubstituted arylene group. 
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wherein R^s' may be the same or different and each represents a hydrogen atom, a linear, branched or cyclic alkyi 
group or alkoxy group, an ester group, a hydroxy! group, a halogen atom, a cyano group, a nitro group, an amino group, 
an aryl group, or an aryloxy group; E represents -CR®- or a nitrogen atom; D represents any one of an oxygen atom, 
a nitrogen atom, or a sulfur atom; R^ represents a hydrogen atom, a linear, branched or cyclic aikyi group, an aryl 
group, an amino group, a cyano group, a nitro group, a hydroxyl group, or a halogen atom; and land m each represents 
an integer of from 0 to 4. satisfying the relation of Q + iti) 



or 




wherein R^s' may be the same or different and each represents a hydrogen atom, a linear, branched or cyclk: alkyI 
group or alkoxy group, an ester group, a hydroxyl group, a halogen atom, a cyano group, a nitro group, an amino group, 
an aryl group, or an aryloxy group; E represents -CR®- or a nitrogen atom; R^ represents a hydrogen atom, a linear, 
branched or cyclic atkyi group, an aryl group, an amino group, a cyano group, a nitro group, a hydroxyl group, or a 
halogen atom; D represents any one of an oxygen atom, a nitrogen atom, or a sulfur atom; and r and s each represents 
an integer of from 0 to 4, satisfying the relation of (r + s)^4. 

The present invention further relates to a di(haloaryI)fluorene derivative represented by the following general 
formula (B), which is a synthetic intermediate of the aryl amine derivative represented by the foregoing general formula 
(1), and a process of producing the same. 




wherein R** to R^ and Ar^ each represents the same substituent as defined previously; and and each represents 
a chlorine atom, a bromine atom, or an Iodine atom. 

The Rgure shows PL measurement results of thin film with respect to Compounds 11 , 69 and 77. 
[0008] The present invention will be described in detail below. 

In the arylamine derivative represented by the general formula (1 ), Ar^ and Ar^ each independently represents 
a substituted or unsubstituted aryl group or hetero-aromatic group, and Ar^ and Ar^ may form a nitrogen-containing 
heterocyclic ring together with the nitrogen atom to which Ar^ and Ar^ bond. 

[0009] The substituted or unsubstituted aryl groups are optionally substituted aromatic groups having from 6 to 24 
carbon atoms. Specific examples include a phenyl group, a 1-naphthyl group, a 2-naphthyl group, a 2-anthryl group, 
a 9-anthryl group, a 2-fluorenyl group, a 4-methylphenyl group, a 3-methylphenyt group, a 2-methylphenyi group, a 
4-ethylphenyl group, a 3-ethylphenyl group, a 2-ethylphenyl group, a 4-n-propylphenyl group, a 4'isopropylphenyl 
group, a 2-isopropylphenyl group, a 4-n-butylphenyi group, a 4-isobutylphenyl group, a 4-sec-butyIphenyl group, a 
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2'sec-butylphenyl group, a 4-tert-butylphenyl group, a 3-tert-butylphenyl group, a 2-tert-butyIphenyl group, a 4-n-pentyl- 
phenyl group, a 4-lsopentylphenyl group, a 2-neopentylphenyl group, a 44ert-pentylphenyl group, a 4-n-hexylphenyl 
group, a 4-(2'-ethylbutyl)phenyl group, a 4-n-heptylphenyl group, a 4-n-octylphenyI group, a 4-(2'-ethyIhexyl)phenyl 
group, a 4-tert-oclyl phenyl group, a 4-n-decylphenyl group, a 4-n-dodecylphenyl group, a 4-n-tetradGcylphenyl group, 
a 4-cyclopentylphenyl group, a 4-cyclohexylphenyl group, a 4-(4'-methylcyclohexyOphenyl group, 4-(4'4ert-butylcy- 
cIohexyl)phenyi group, a 3-cyclohexyIphenyl group, a 2-cycIohexylphenyl group, a 4-ethyl-1 -naphthyl group, a 6-n- 
buty!-2-naphthyl group, a 2,4-dlmethylphenyl group, 2,5-dlmethylphenyl group, a 3.4-dlmethyIphenyl group, a 
3.5-dimethylphenyl group, a 2,6-dimethyIphenyl group, a 2,4-diethylphenyl group, a 2,3,5-trlmethylphenyl group, a 
2.3,6-trimethyIphenyl group, a 3,4.5-trimethylphenyl group, a 2,6-diethyIphenyl group, a 2,5-diisopropy I phenyl group, 
a 2,6-dllsobutylphenyl group, a 2,4-di-tert-butylphenyt group, a 2,5-dMert-butylphenyl group, a 4,6-di-tert-^utyt-2-meth- 
ylphenyl group, a 5-tert-butyl-2-methylphenyl group, a 4-teft-butyl-2,6-dimethylphenyl group, a 9-methyl-2-fluorenyl 
group, a 9-ethyl-2-fluorenyl group, a 9-n-hexyl-2-fluorGnyl group, a 9,9-dimethyl-2-fluorenyl group, a 9,9-diethyl-2-flu- 
orenyl group, a 9,9-di-n-propyl-2-fluorenyl group, a 4-methoxypheny) group, a 3-methoxy phenyl group, a 2-methoxy- 
phenyi group, a 4-ethoxyphenyl group, a 3-ethoxyphenyl group, a 2-ethoxyphenyl group, a 4-n-propoxyphenyl group, 
a 3-n-propoxyphenyl group, a 4-lsopropoxyphenyl group, a 2-isopropoxyphenyl group, a 4-n-butoxyphenyl group, a 

4- isobutoxyphenyI group, a 2'sec-butoxyphenyl group, a 4-n-penlyloxyphenyl group, a 4-isopentyloxyphenyl group, a 
2-lsopentyloxyphenyl group, a 4-neop8ntyloxyphenyl group, a 2-neopentyloxyphenyl group, a 4-n-hexyloxyphenyl 
group, a2-(2'-ethylbutyl)oxyphenyt group, 4-n-octyloxyphenyl group, a 4-n-decyloxyphenyl group, a 4-n-dodecyloxy- 
phenyl group, a 4-n-tetradecyloxyphenyl group, a 4-cyclohexyIoxyphenyl group, a 2-cyclohexy(oxyphenyl group, a 
2-methoxy-1 -naphthyl group, a 4-methoxy-1 -naphthyl group, a 4-n-butoxy-1 -naphthyl group, a 5-ethoxy-1 -naphthyl 
group, a 6-methoxy-2-naphthyl group, a 6-ethoxy-2-naphthyl group, a 6-n-butoxy-2-naphthyl group, a 6-n-hexyloxy- 
2-naphthyI group, a 7-methoxy-2-naphthyl group, a 7- n-butoxy-2- naphthyl group, a 2-methyl-4Hnnethoxypheny! group, 
a 2-methyl-5-nnethoxyphenyl group, a 3-methyl-4-methoxyphenyl group, a 3-methyl-5-methoxyphenyl group, a 3-ethyl- 

5- methoxyphenyl group, a 2-methoxy-4-methylphenyl group, a 3-methoxy-4-nnethylphenyl group, a 2,4-dimethoxyphe- 
nyl group, a 2,5-dimethoxyphenyl group, a 2,6-dimethoxyphenyl group, a 3,4-dimethoxyphenyl group, a 3,5-dimeth- 
oxyphenyl group, a 3,5-diethoxyphenyl group, a 3,5-di-n-butoxyphenyl group, a 2-metho)(y-4-ethoxyphenyl group, a 
2-methoxy-6-ethoxyphenyl group, a 3,4,5-trimethoxyphenyl group, a 4-phenylphenyl group, a 3-phenytphenyl group, 
a 2-phenylphenyl group, a 4-(4'-methylphenyI)phenyl group, a 4-(3'-nnethylphenyl)phenyl group, a 4-(4'-methoxyphe- 
nyl)phenylgroup. a4-(4*-n-butoxyphenyl)phenyl group, a2-(2'-methoxyphenyl)phenylgroup, a4-(4'-chlorophenyl)phe- 
nyl group, a 3-methyl-4-phenylphenyl group, a 3-methoxy-4-pheny {phenyl group, a 9-phenyl-2-fluorenyl group, a 
4-fluorophenyl group, a3-fluorophenyl group, a2-fluorophenyl group, a4-chlorophenyl group, a 3-ch!orophenyl group, 
a 2-chlorophenyl group, a 4-bronnophenyl group, a 2-bromophenyl group, a 4-chloro-1 -naphthyl group, a 4-chloro- 
2-naphthyl group, a 6-bromo-2-naphthyl group, a 2,3-dlfluorophenyl group, a 2,4-difluorophenyI group, a 2,5-dlfluor- 
ophenylgroup. a2,6-difluorophenylgroup, a3,4-dllfuorophenyt group, a3,5-dlfluorophenyl group, a2,3-dichlorophenyl 
group, a 2,4-dichlorophenyt group, a 2,5-dichlorophenyl group, a 3,4-dtchlorophenyl group, a 3,5-dichlorophenyi group, 
a 2,5-dlbromophGnyl group, a 2,4,e-trichlorophenyl group, a 2,4-dlchloro-1 -naphthyl group, a 1 ,6-dichloro-2-naphthyl 
group, a 2-fluoro-4-methylphenyl group, a 2-fluoro-5-methylphenyl group, a 3-fluoro-2-methylphenyl group, a3-tluoro- 
4-methylphenyl group, a 2-methyl-4-fluorophenyl group, a 2-methyl-5-fluorophenyl. group, a 3«-methyl-4-fluorophenyl 
group, a 2-chloro-4-methylphenyl group, a 2-chloro-5-methylphenyl group, a 2-chloro-6-mGthylphenyl group, a2-me- 
thyl-3-chlorophenyl group, a 2-methyl-4-chlorophenyl group, a 3-chroro-4-methylphenyr group, a 3-methyl-4-chloroph- 
enyl group, a 2-chloro-4,6-dimethylphenyl group, a 2-nnethoxy-4-fluorophenyl group, a 2-fluoro-4H7iethoxyphenyl 
group, a 2-f luoro-4-ethoxyphenyl group, a 2-fluoro-6-methoxyphenyl group, a3-f!uoro-4-ethoxyphenyl group, a3-chlo- 
ro-4-methoxyphenyl group, a 2-methoxy-5-chlorophenyl group, a 3Hiiethoxy-6-chlorophenyt group, and a 5-chloro- 
2, 4-dimeth oxyphenyl group. However. It should not be construed that the invention is limited thereto. 

[0010] The substituted or unsubstituted hetero-aromatic groups are aromatic groups containing at least one hetero 
atom of an oxygen atom, a nitrogen atom, and a sulfur atom. Examples thereof include a 4-quinolyI group, a 4-pyridyl 
group, a 3-pyridyl group, a 2-pyrldyl group, a 3-furyl group, a 2-furyl group, a 3-thienyl group, a 2-thlenyl group, a 
2-oxazotyl group, a2-thiazolyl group, a2-benzoxazolyl group, a2-benzothiazolyl group, and a2-benzolmidazolyl group. 
However, it should not be constmed that the invention is limited thereto. 

[0011] To attain a high Tg, it Is preferable that at least one of Ar^ and Ar^ represents a substituted or unsubstituted 
condensed ring aromatic group. Examples thereof include a naphthyl group, a phenanthryl group, a fluorenyl group, 
an anthracenyt group, a pyrenyl group, a chrysenyi group, a picenyl group, and a perillenyl group, with a 1 -naphthyl 
group, a 9-phenanthryl group, and a 2-fluorenyl group being more preferable. 

[0012] In the compounds represented by the general fonnula (1 ), Ar"* and Ar^ may fomi a nitrogen-containing hete- 
rocyclic ring together with the nitrogen atom to which Ar^ and Ar^ bond and may form a substituted or unsubstituted 
-N-carbazolyl group, - N-phenoxazinyl group or-N-phenothiazinyl group. The nitrogen-containing heterocyclic ring may 
be monosubstituted or polysubstituted Vi^th a substituent such as a halogen atom, an alkyi group having from 1 to 10 
carbon atoms, an alkoxy group having from 1 to 1 0 carbon atoms, and an aryl group having from 6 to 1 0 carbon atoms. 



EP 1 400 578 A1 



Above all, an unsubstituted -N-carbazolyl group, >N-phenoxazinyt group or -N-phenothiazlnyl group, or -N-carbazolyl 
groups, -N-phenoxazinyl groups or -N-phenothiazinyl groups monosubstituted or polys ubstituted with a halogen atom, 
an alkyi group having from 1 to 4 carbon atoms, an alkoxy group having from 1 to 4 carbon atoms, or an aryl group 
having from 6 to 10 carbon atoms are preferable, with unsubstituted -N-carbazolyl groups, -N-phenoxaztnyl groups or 

5 -N-phenothiazinyl groups being more preferable. Specific examples of substituted -N-carbazolyl groups, -N-phenox- 
azinyl groups and - N-phenothiazinyl groups include a 2-methyl-N-carbazotyl group, a 3-methyl-N-carbazolyi group, a 
4-methyl-N-carbazolyl group, a 3-n-butyl-N-cartoazolyl group, a 3-n-hexyl-N-carbazolyl group, a 3-n-octyl-N-carbazotyl 
group, a 3-n-decyt-N-carbazolyl group, a 3,6-dimethyl-N-carbazoiyi group, a 2-methoxy-N-carb€izolyl group, a 3-meth- 
oxy-N-carbazolyl group, a 3-ethoxy-N-carbazolyl group, a 3-isopropoxy-N-carbazolyl group, a 3-n-butoxy-N-carbazolyl 

10 group, a 3-n-octyloxy-N-carbazolyl group, a 3-n-decyloxy-N-carbazolyl group, a 3-phenyl-N-carbazolyl group, a 3-(4*- 
methylphenyt)-N-carbazolyl group, a 3-(4'-tert-butytphenyl)-N-carbazolyl group, a 3-chloro-N-carbazolyl group, and a 
2-methyl-N-phenothiazlnyl group. 

[0013] In the arylamine derivatives represented by the general formula (1), to each independently represents 
a hydrogen atom, a linear, branched or cyclic alkyl group or alkoxy group, an aryt group, an aryloxy group, a halogen 
15 atom, an amino group, or a group represented by the following general formula (2), (3) or (4). 



wherein Y represents a group represented by any one of the following general formulae (5a) to (5f), and W represents 
2S a hydrogen atom or a substituted or unsubstituted aryl group. 
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(5c) 
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wherein R^s' may be the same or different and each represents a hydrogen atom, a linear, branched or cyclic alkyi 
group or alkoxy group » an ester group, a hydroxy! group, a halogen atom, a cyano group, a nitro group, an amino group, 
an aryl group, or an aryloxy group; E represents *CR^- or a nitrogen atom; D represents any one of an oxygen atom, 
a nitrogen atom, or a sutfur atom; represents a hydrogen atom, a linear, branched or cyclic alkyI group, an aryl 
group, an amino group, a cyano group, a nitro group, a hydroxy! group, or a halogen atom; and ] and m each represents 
an Integer of from 0 to 4. satisfying the relation of (1 + m) < 4). 



or 




wherein RV may be the same or different and each represents a hydrogen atom, a linear, branched or cyclic alkyI 
group or alkoxy group, an ester group, a hydroxyl group, a halogen atom, a cyano group, a nitro group, an amino group, 
an aryl group, or an aryloxy group; E represents -CR^- or a nitrogen atom; R^ represents a hydrogen atom, a linear, 
branched or cyclic alkyI group, an aryl group, an amino group, a cyano group, a nitro group, a hydroxyl group, or a 
halogen atom; D represents any one of an oxygen atom, a nitrogen atom, or a sulfur atom; and r and s each represents 
an integer of from 0 to 4. satisfying the relation of (r + s) <4. 

Examples of the alkyI group represented by R"* to R^ include linear, branched or cyclic alkyI groups having from 
1 to 18 carbon atoms. Specific examples include a methyl group, an ethyl group, a propyl group, an isopropyi group, 
a butyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a 
stearyl group, a trichtoromethyl group, a trifluoromethyl group, a cyclopropyi group, a cyclohexyl group, a 1 ,3-cyclohex- 
adienyl group, and a 2-cyclopenten-1 -yl group. 

[0014] Examples of the alkoxy group represented by R' to R^ and R^ Include linear, branched or cyclic alkoxy groups 
having from 1 to 18 carbon atoms. Specific examples. Include a methoxy group, an ethoxy group, a propoxy group, 
an Isopropoxy group; an n-butoxy group, a sec-butoxy group, a tert-butoxy group, a pentyloxy group, a hexyloxy group, 
a stearyloxy group, and a tritiuoromethoxy group. 

[0015] Examples of the aryl group represented by R* to R^ and W include, optionally substituted aryl groups having 
from 6 to 24 carbon atoms. Specific examples include the same substituents as described previously for Ar^ or Ar^ 
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such as a phenyl group, a 4-methylphenyI group, a 3-methylphenyl group, a 2-methylphBnyl group, a 4-ethylphenyl 
group, a 3-ethylphenyl group, a 2-ethylphenyl group, a 4-n-propylphenyl group, a 4-n-buty!phenyl group, a 4-isobutyl- 
phenyl group, a 4-tert-butylphenyl group, a 4-cyclopentyiphenyl group, a 4-<jyc!ohexylphenyl group, a 2,4-dimethyl- 
phenyi group, a 3,5-dimethylphenyl group, a 3,4-dimethylphenyl group, a 4-(1-naphthyl)phenyl group, a 4-(9-anthryf) 
phenyl group, a 4-(10-phenyl-9-anthryI)phenyl group, a 4-biphenyl group, a 1-naphthyl group, a 2-naphthyl group, a 
9-phenanthryl group, a 9-anthryl group, a 1 0-phenyl-9-anthryl group, a 10-biphenyl-9-anthryl group, a 9,9-dimethyl- 
fluoren-2-yl group, a 7-phenyl-9,9-dlmethyl-fluoren-2-yl group, and a 9-dl-trffluoromethyl-fluoren-2-yl group. 
[001 6] Examples of the aryloxy group represented by R' to and R7 include optionally substituted aromatic groups 
having from 6 to 24 carbon atoms. Specific examples include a phenoxy group, a p-tert-butylphenoxy group, a 3-fluor- 
ophenoxy group, and a 4-fluorophenoxy group. 

[0017] Examples of the halogen atom represented by R' to include a fluorine atom, a chlorine atom, a bromine 
atom, and an iodine atom. 

[0018] Examples of the amino group represented by R^ to R^ include monosubstltuted amino groups such as a 
methylamino group, an ethylamino group, a phenylamino group, an m-tolylamino group, a p-tolylamino group, a 1 -naph- 
thyiamino group, a 2-naphthylamlno group, and a 4-biphenylamlno group; and disubstituted amino groups such as a 
dimethylamino group, a diethylamino group, a dipropylamino group, a dibutylamino group, a diphenylamino group, a 
di(m-tolyl)amino group, a di(p-tolyl)amino group, an N-(m-toly I) phenylamino group, an N-(p-tolyl)phenylamlno group, 
an N-{1-naphthyl)phenylamlno group, an N-(2-naphthyl)phenylamino group, an N-(4-blphenyi)phenylamlno group, a 
di(4-biphenyl)amino group, a di(2-naphthyl)amino group, a bis(acetoxymethyl)amino group, a bis(acetoxyethyl)amino 
group, a bis(acetoxypropyOamino group, a bis(acetoxybutyi)amino group, and a dibenzylamino group. However, it 
should not be construed that the invention Is limited to these specific substituents. 

[0019] The aryl amine derivatives represented by the foregoing general fomnula (1) of the Invention can be also 
utilized as a luminescent material because they have strong blue fluorescence. Espedally, it is preferable that R' and 
R2 in the general formula (1) each represents the group represented by the foregoing general formula (2). (3) or (4). 
In the case where R"* and R2 each represents the group represented by the general formula (2), It is further preferable 
that In the fomnula, Y is represented by any one of the foregoing general fomnulae (5a) to (5c), and W represents a 
hydrogen atom or an unsubstituted phenyl group. Moreover, It is preferable that Y is represented by any one of the 
following general fomnulae (7a) to (7c) and/or W represents a hydrogen atom, in the case where R^ and R^ each 
represents the group represented by the foregoing general fomnula (3), it is preferable that E in the fomnula represents 
-CH-, and D represents a sulfur atom. 




[0020] in the arylamlne derivatives represented by the general formula (1), Ar^ is not particularly limited so far as it 
represents a substituted or unsubstituted aryiene group, but is preferably an arylene group represented by any one of 
the following general fonmulae (14a) to (14e). 



8 
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(14a) 



10 



wherein R^^ represents a hydrogen atom» a halogen atom, a linear, branched or cyclic aiicyl group or aikoxy group, or 
a substituted or unsubstituted aryl group. 



IS 




(14b) 



20 



25 



wherein H^'* represents a hydrogen atom, a halogen atom, a linear, branched or cyclic alkyi group or aikoxy group, or 
a substituted or unsubstituted aryl group. 



(14c) 




wherein R represents a hydrogen atom, a halogen atom, a linear, branched or cyclic aikyi group or aikoxy group, or 
30 a substituted or unsubstituted aryl group. 



35 



40 




(t4d) 



45 
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(14e) 



wherein R""^ to R'^^ each independently represents a hydrogen atom, a halogen atom, a linear, branched or cyclic alkyI 
so group or aikoxy group, or a substituted or unsubstituted aryl group. 

Specific examples of R"^^ to R"*^ can be the same substituents as described previously for R"" to R^ Ar"" and Ar^. 

Of the arylene groups represented by the foregoing general fomiuiae (14a) to (14e), those represented by the general 

formula (14a). especially a phenyl group, are particularly preferable because of easiness of availability of the raw 

materials from the viewpoint of synthesis. 
ss [0021] Aryiamine derivatives wherein Ai^ represents a phenylene group, and R^ and R^ each represents a hydrogen 

atom, as represented by the following general fonnula (6), are also preferable. 
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Preferable examples of compounds of the arylamine derivatives represented by the foregoing general fomnula (1) of 
the Invention are shown in Tables, 1 to 5, but it should not be construed that the invention is limited to the group of 
these compounds. 
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The arylamine derivatives represented by the foregoing general fomnula (1) can be synthesized by reacting a di 
(haloaryl)fluorene represented by the following general fomnula (8) (wherein R** to and Ar® each represents the 
same substituent as described previously; and and each represents a chlorine atom, a bromine atom, or an 
iodine atom) with an amine compound represented by the following general formula (9) (wherein Ar"* and Afi each 
independently represents a substituted or unsubstituted aryl group or hetero -aromatic group, and Ar** and Ar2 may 
form a nitrogen-containing heterocyclic ring together with the nitrogen atom to which Ar^ and Ar^ bond) in the presence 
of a base using a palladium catalyst. 
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(8) 




(9) 



The palladium catalyst that is used In the invention comprises a palladium compound and a tertiary phosphlne. 
[0022] The palladium compound is not particularly limited. Examples thereof include tetravalent palladium com- 
pounds such as sodium hexachloropalladate(IV) tetrahydrate and potassium hexachloropalladate(IV); divalent palad- 
dium compounds such as palladlum(n) chloride, paJladium(ll) bromide, palladium(ll) acetate, palladium(!I) 
acetylacetonate. . dichlorobis(benzonitrile)palladium(ll). dichIorobls(acetonitrile)palladlum(II), dlchlorobis(triphenyl- 
phosphine)palladrum(ll), dfchlorotetraammninepalladjum(ll), dichloro(cycloocta-1,6-diene)palladium(ll), and palladi- 
um(ll) trifluoroacetate; and zerovalent palladium compounds such as tris(dibenzylideneacetone)dlpalladium(0), tris 
(dibenzylideneacetone)dipa»adium(0)-chloroform complex, and tetrakls(trlphenylphosphine)palladium(0). 
[0023] The amount of the palladium compound to be used is not particularty limited but is usually in the range of 
from 0.000001 to 20% by mole as reduced into palladium per mote of the dl(haloaryl)fluorene derivative represented 
by the general formula (8). When the amount of the palladium compound to be used falls within the foregoing range, 
It is possible to synthesize the arylamine derivative with a high selectivity. For the sake of further enhancing the activity, 
taking Into consideration the use of an expensive palladium compound, the amount of the palladium compound to be 
used is more preferably in the range of from 0.0001 to 5% by mole as reduced into palladium per mole of the di(haloaryl) 
fluorene derivative. 

[0024] The tertiary phosphlne that is used in combination with the palladium compound is not particularly limited. 
Examples include trialkylphosphines such as triethylphosphlne, tricyclohexylphosphine, triisopropylphosphine, tri-n- 
butylphosphine, tnlsobutylphosphine, tri-sec-butylphosphlne, and tri-tert-butylphosphine. Above ail, for the sake of en- 
hancing the selectivity of the arylamine derivative, tri-tert-butylphosphine is more preferable. 

[0025] In the invention, the amount of the tertiary phosphlne to be used Is in the range of. from O.Ot to 1 0,000 times 
by mole the palladium compound. When the amount of the tertiary phosphlne to be used falls within the foregoing 
range, the selectivity of the arylamine derivative does not change. Forthe sake of further enhancing the activity, taking 
into consideration the use of an expensive tertiary phosphine, the amount of the tertiary phosphlne to be used is more 
preferably in the range of from 0.1 to 10 times by mole the palladium compound. 

[0026] in the invention, the palladium compound and the tertiary phosphine are essential, and a combination of the 
both compounds is added as a catalyst to the reaction system. As to the addition method, these compounds may be 
added individually to the reaction system, or may be added after previously adjusting them Into a complex form. 
[0027] The base that is used in the invention may be selected from inorganic bases and/or organic bases and is not 
partfcuiarly limited. Preferred examples include alkali metal alkoxides such as sodium methoxide, sodium ethoxide, 
potassium methoxide, potassium ethoxide, lithium tert-butoxide, sodium tert-butoxide, and potassium tert-butoxide. 
Such a base may be added to the reaction field as it stands, or may be provided in the reaction field by preparing it in 
situ from an alkali metal, an alkali metal hydride or an alkali metal hydroxide, and an alcohol. 

[0028] The amount of the base used is preferably 0,5 times by mole or more against a hydrogen halide to be tomned 
by the reaction. When the amount of the base is less than 0.5 times by mole, the yield of the arylamine derivative may 
possibly be lowered. Even when a large excess of the base is added, though the yield of the arylamine derivative does 
not change, the post-treatment operation after completion of the reaction becomes complicated. Accordingly, the 
amount of the base to be used is preferably In the range of from 1 to 5. times by mole. 

[0029] In the invention, the reaction is usually carried out in the presence of an inert soh/ent. As to the solvent used, 
any soh/ents may be used without particular limitations so fares they do not remari^abiy hinder the present reaction. 
Examples of useful solvents include aromatic organic solvents such as benzene, toluene, and xylene; ether based 
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organic solvents such as diethyl ether, tetrahydrofuran, and dioxane; acetonitrile; dimethylfomnamide; dimethyl sulfox- 
ide; and hexamethyl phosphotriamlde. Above alt are more preferable aromatic organic solvents such as benzene, 
toluene, and xylene. 

[O03O] The reaction can be earned out In an atmosphere of an inert gas such as nitrogen and argon under atmospheric 
pressure or an elevated pressure. 

[0031] The reaction temperature is in a range of from 20 to 300*C, and preferably from 50 to 200»C. 
[0032] The reaction time is not constant according to the amounts of the di(haloaryl)fluorene derivative, amine com- 
pound, base and palladium catalyst and the reaction temperature but may be chosen within the range of from several 
minutes to 72 hours. 

[0033] After completion of the reaction, the desired compound can be obtained through a usual treatment in the 
customary manner. 

[0034] The compounds represented by the foregoing general fomiula (8) are useful as a synthetic intemnediate of 
the novel arylamine derivative having a f iuorene skeleton according to the Invention. Especially, the case of the general 
fomiula (8) wherein Ar^ represents a phenylene group, and di(haloaryOfluorene derivatives wherein each of and 
R4 further represents a hydrogen atom, as represented by the following general fonmula (10), are preferable. 



The case where and X2 each represents a chlorine atom, and R"* and R2 each independently represents a 
hydrogen atom, an iodine group, a bromine atom, or an iodine atom Is also useful as an intemnediate of the arylamine 
derivative represented by the general formula (1 ). 

[0035] The compounds represented by the general formula (8) can be synthesized by conventional methods. For 
example, they can be synthesized by reaction of an aromatic boronate with an aromatic halide or an aromatic triflate 
(usually called "Suzuki reaction") (N. Miyaura and A. Suzuki, Chemical Reviews , Vol. 95, 2457-2483 (1995)). Con- 
cretely, a f Iuorene derivative represented by the following general fomnula (11) is reacted with an aryl boronic acid 
compound represented by the following general fomiuia (12) or (13) (wherein represents a halogen atom; R« rep- 
resents a hydrogen-atom, a methyl group, or an ethyl group; and Ai« represents a substituted or unsubstitutedarylene 
group) In the presence of a base and a palladium catalyst. For example, the desired compound can be synthesized in 
the presence of iin-inorganic base such as sodium cariaonate or/and sodium hydroxide using tetrakis{triphenylphos- 
phlne)palladium or the like as a catalyst. For the sake of synthesizing the di(haloaryOfluorene represented by the 
foregoing general formula (8) with a good selectivity, it Is preferable to use an aryl boronic acid compound represented 
by the following general formula (12). 




X2 



(10) 




wherein R"" to R* each represents the same substltuent as described previously: 
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X^-Ai^-BCOR^ (12) 



X^-Ar^-B^ 03) 



Wherein represents a chlorine atonn, and represents a hydrogen atom. 

In addition, as another method, the compound of the foregoing general formula (8) can be similarly synthesized 
from a dl(haloaryi)fluorene derivative represented by the following general fonnula (15), which is con^esponding to the 
case of the general formula (8) wherein R"" and R2 each represents a bromine atom, and and each represents 
a chlorine atom, and a boronic acid derivative represented by the following general fonnula (16) or (17) according to 
the Suzuki reaction. 




(Ri.O)aB^^ '''' 

wherein D, E, Y, W and R^ each represents the same substituent as described previously; and R represents a 
hydrogen atom, a methyl group, or an ethyl group. 

[0036] The novel aryl amine derivatives having a fluorene skeleton according to the invention are different from 

conventional materials and have an amorphous structure at the time after the synthesis and hence, have an advantage 

such that the film stability is excellent. Accordingly, these compounds can be used not only as hole transport materials 

or luminescent materials of organic EL devices, electrophotographic receptors, etc. but also in any fields of organk: 

photoconductive materials such as photoelectric transfer devices, solar batteries, and image sensors. 

[0037] The novel arylamine derivatives having a fluorene skeleton represented by the forgoing general fonnula (1 ) 

according to the invention have a high Tg and have an amorphous structure and hence, are a material excellent in 

stability and durability as compared with the conventionally reported materials. They can be utilized as hole transport 

materials, luminescent materials, and the like of organic EL devices, electrophotographic receptors, etc. 

[0038] The present invention will be described in more detail by reference to the following Examples, but it should 

be understood that the invention is not construed as being limited thereto. 
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Synthesis Example 1 

Synthesis of 9,9-bis(4'-chloro-biphenyl-4-yl)fluorene: 

5 [0039] 16 g of 9,9-bis[4-{trmuoromethylsulfonyl)phenyllfluorene, 100 ml of tetrahydrofuran, 62 g of a 20% sodium 
carbonate aqueous solution, 8.54 g of 4-chlorophenylboronic acid, and 0.6 g of tetrakis(triphenylphosphine)palladium 
were placed in a 300 ml four-necked flask, and the mixture was heated at TO^'C. The resulting mixture was aged at the 
same temperature for 1 8 hours, and the reaction mixture was then cooled to room temperature and subjected to liqukJ 
separation. An organic phase was washed with a saturated ammonium chloride aqueous solution and saturated salt 

10 water, and the resulting organic phase was concentrated and recrystalilzed from tetrahydrofuran to obtain 11 .4 g of a 
white powder 

iH-IMiVIR (CDCI3, ppm) 6: 7.91 (d, 2H), 7.39 to 7.60 (m, 11H) 

^3C-NMR (CDCIg, ppm) 6: 150.86. 145.22, 140.16. 139.06, 138.27, 133.28, 128.88, 128.66, 128.17, 127.88, 127.71, 
126.81, 126.12, 120.35, 68.05 

15 



20 



25 




Synthesis Example 2 

30 

Synthesis of 9,9-bis(4'-chioro-biphenyl-4-yi)-2,7'dibromofluorene: 

[0040] In a 1 liter eggplant type flask, 34 g (63.0 mmoles) of 9,9-bls(4'-chloro-blphenyl-4-yl)fluorene was dissolved 
in 500 mi of CHCig, to which 0.68 g of Iodine was then added. 50.3 g (314 mmoles) of bromine was added dropwise 

35 thereto at room temperature over 20 minutes, and after elevating the temperature to 40" C, the mixture was heated 
and stirred for 16 hours. After cooling, 350 g of 10% sodium thiosuifate was added dropwise to the reaction mixture 
such that the internal temperature did not exceed 30''C, to terminate the reaction, followed by liquid separation. An 
organic phase was washed with saturated salt water, dried over anhydrous Na2S04, and then concentrated. 80-of 
cyclohexane was added to the concentrate to deposit a cotorless needle crystal. After filtration and drying, 35.8 g (yield: 

40 81%) of the desired: compound was isolated. r^ - -. 

FDMS (flash desorptlon mass spectrometry) = 697 
^H-NMR (CDCI3, ppm) 6: 7.21 to 7.72 (m) 

(CDCIg, ppm) 6: 152.65, 143.60. 138.88. 138.81, 138.07, 133.50. 131.17, 129.36, 128.94. 128.48, 128.20, 
127.17, 122.02, 121.74. 65.19 
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Synthesis Example 3 

Synthesis of 9,9-bfs(4*-bromo-biphenyl-4-yl)-2,7-dibromofluorene: 

5 [0041] 1 5.9 g (33.8 mmoles) of 9,9-bis(biphenyl-4-yl)fIuorene was dissoh/ed in 200 mL of chlorofomi, to which 0.54 
g of iron chloride was then added. 22.1 4 g (1 38 mmoles) of bromine was added dropwise to the mixture over 1 .5 hours 
while maintaining the temperature of from room temperature to SO^'C, followed by aging overnight. After cooling, 1 0% 
sodium thiosulfate was added dropwise thereto such that the internal temperature did not exceed 30°C, to terminate 
the reaction. An organic phase was washed with saturated salt water, dried over anhydrous Na2S04, and subsequently 

10 concentrated to obtain a precipitate. The resulting precipitate was recrystailized from chloroform to isolate 1 5.3 g (yield: 
57%) of a colorless needle crystal. 
FDMS: 786 

iH-NMR (THF-de, ppm) 6: 7.81 (d, 2H), 7.51 to 7.66 (m, 10H). 7.29 (d, 2H) 

13 C-NMR (THF-de. ppm) 5: 153.79. 144.82. 140.30. 139.57, 139.18. 132.63. 131.97. 130.08. 129.33, 127.72. 122.99, 
15 122.59. 122.21. 66.21 




30 Synthesis Example 4 

Synthesis of 9.9-bis(4*-chloro-b^)henyl-4-yl)2.7-bis(4-blphenylyl)fluorene: 

[0042] A 100 ml eggplant type fiasic was charged with 6 g (7.17 mmoles) of 9,9-bis(4'-chloro-blphenyl-4-yl)-2,7-di- 
35 bromofluorene obtained In Synthesis Example 2. 2.92 g (14.7 mmoles) of 4-blphenylylboronlc acid, 45 ml of tetrahy- 
drofuran. 12.9 g of a 10% sodiunri hydroxide aqueous solution, and 165 mg of tetrakis(triphenylphosphlne), and the 
mixture was heated under reflux for 4 hours under a nitrogen gasstream.The reaction mixture was cooled and subjected 
to Iiqu4d separation) and the resulting organic phase was washed with a 10% ammonium chloride aqueous solution 
and saturated salt water. The organic phase was concentrated and then purified by silica gel chromatography and 
40 recrystalilzation to obtain 5.33 g (yield: 88%) a colorless powder. It was confimned by FDMS^rid ^^G-NMR that this 
powder was the desired compound. 
FDhAS: 844 

13C-NMR (CDCI3, ppm) 5: 151.84, 145.02, 140.47, 140.32. 140,10, 139.88. 139.04, 138.95. 138.34.133.24, 
128.80.128.75,128.68. 128.11. 127.41,127.32, 126.92. 126.81. 124.67. 120.71, 66.23 

4S 



SO 
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Synthesis Example 5 

Synthesis of 9,9-bis(4'-chloro-biphenyl-4-yI)-2,7-bis(2-thlanaphthenyl)fluorene: 

5 [0043] The same procedures as in Synthesis Example 4 were followed, except for using 2.62 g (14.7 mmoles) of 
thianaphthene-2-boronic acid in place of the 4-biphenylylboronic acid, to obtain 4.53 g (yield: 79 %) of the desired 
compound. 
FDMS: 804 

13C-NMR (THF-dg, ppm) 6: 152.98. 145.58, 144.52, 141.63. 140.56. 140.09, 139.89, 139.19, 134.96, 133.77, 129,43, 
10 129.40, 128.83, 127.66, 126.92. 125.16, 126.05, 124.46. 124.10, 122.65, 121 .76. 120.53. 66.03 



15 
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25 Synthesis Example 6 

Synthesis of 9,9-bis(4'-chloro-biphenyl-4-yl)-2,7-bis(trans-2-phenylvinyl)fluorene: 

[0044] The same procedures as In Synthesis Example 4 were followed, except for using 3.1 g of trans-2-phenylvi- 
30 nylboronic acid in place of the 4-biphenylylboronlc acid, to obtain 3.84 g (yield: 72%) of the desired compound. 
FDMS: 742 

13C-NMR (CDCI3, ppm) 6: 151.77, 144.90, 139.42, 138.99, 138.40, 137.14, 137.10. 133.25. 128.82, 128.69, 128.60, 
128.53, 128.14, 127.58, 126.94, 126.41, 124.06, 120.53, 64.91 

35 



40- 



45 




Synthesis Example 7 

so 

Synthesis of 9,9-bis(4'-chloro-biphenyl-4-yl)-2,7-bis(2,2-diphenylvlnyl)fluorene): 

[0045] 20 g (1 11 mmoles) of 1 ,1 -diphenylethylene was dlssoh^ed in 70 ml of cyclohexane, to which was then added 
dropwise 35 g (222 mmoles) of bromine at room temperature. The mixture was stirred at the same temperature for 20 
55 hours and further heated under reflux for one hour. After cooling, the reaction mixture was washed with a sodium 
thiosuifate aqueous solution and saturated saltwater, and an organic phase was separated by liquid separation. The 
organic phase was concentrated and subjected to Kugel distillation (at 146 to 148'*C/0.6 Torr) to obtain 24 g (yield: 
86%) of desired 1 , 1 -dlphenyl-2-bromoethylene. 4.8 g (18 mmoles) of 1,1-dlphenyl-2-bromoethylene, 0.486 g (20 
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mmoles) of Mg, a small piece of Iodine, and 100 mL of THF were added to a 300 ml eggplant type flask to prepare a 
Grignard reagent. The reaction mixture was cooled to -78*'C, to which trimethoxyborane was then added dropwise 
while maintaining the same temperature. The mixture was stirred at room temperature for 2 hours, to which 2N hydro- 
chloric acid was then added. An organic phase was treated to isolate desired 1 ,1 -diphenylvinylboronic acid as a white 
5 powder in a yield of 35%. The same procedures as in Synthesis Example 4 were followed, except for using 3.28 g of 
1,1-diphenylvinylboronic acid in place of the 4-blphenylylboronlc acid, to obtain 3.77 g (yield: 72%) of the desired 
compound. 
FDMS: 730 

13 C-NMR (CDCI3, ppm) 5: 150.76. 144.78, 143.24, 142.36, 140.29, 139.19, 138.46, 137.73, 136.96. 133.22, 130.13, 
JO 129.65, 128.92. 128.66, 128.44, 128.24, 128.13. 128.04. 127.45. 127.25, 126.94, 126.61. 119.80. 64.44. 



IS 



20 




2S 

Example 1 

Synthesis of 9.9-bls[4-(N-phenyl-1-naphthylamlno)-1,1-blphenyllfluorene (= Connpound 1): 

30 

[0046] In a 50 ml three-necked flask, 3 g (5.6 mmoles) of 9,9-bls(4'-chloro-blphenyl-4-yl)fluorene. 2.56 g (11.7 
mmoles) of N-phenyI-1 -naphthylamlne, and 1 .28 g (1 3.3 mmoles) of sodium tert-butoxide were suspended in 40 ml of 
xylene, and the system was purged with nitrogen. Further, 3 mg of palladium acetate and 8 mg of tri-tert-butylphosphine 
were added to the suspension in a nitrogen atmosphere, followed by heating at 125*'C. After aging at a prescribed 

35 temperature for 20 hours, the reaction mixture was cooled to room temperature. After adding 20 ml of water thereto, 
the mixture was subjected to extraction, and an organic phase was concentrated. The resulting organic phase was 
purified by silica gel chromatography (eluting solution: toluene) to obtain 4.9 g (yield: 97%) of a pale brown powder. It 
-was confirmed by the elemental analysis and FDMS that this pale brown powder was the- desired compoundhaving 
the following structure. 

40 FDMS: 904 



Elemental analysis: 


Found 
Calculated 


C; 91 .1 %. H; 5.6 %, N; 3.3 % 
C;91.5%. H;5.4%: N; 3.1 % 



The glass transition temperature (Tg) of 9.9-bis[4-(N-phenyl-1-naphthylamlno)-1,r-blphenyllfluorene as meas- 
ured by differential scanning calorimetry (DSC) was ISS^C. Besides, the measurement results of XRD and visible/ 
ultraviolet and fluorescent spectra of NPD that Is a general-purpose hole transport material and can be utilized as a 
blue luminescent material and Compound 1 are shown In Table 6. Compound 1 exhibited a high Tg as compared with 
NPD. Also, different from NPD, Compound 1 did not show a distinct diffraction peak and therefore, had an amorphous 
structure and exhibited a high value even in a blue fluorescent intensity. 
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Example 2 

Synthesis of 9,9-bis[4-(N-m-tolyl-phenylaniino)-1 ,V-biphenyQfluorene Compound 2): 

[0047] The same procedures as in Example 1 were foilowed, except for using N-nvtolyl-aniline In place of the N- 
phenyt-1-naphthylamlne, to obtain 3.85 g (yield: 82%) of a pale yellow powder. It was confirmed by the elemental 
analysis and FDI^S that this pale yellow powder was the desired compound having the following structure. The physical 
property data are given in Table 6. Similar to Compound 1 , this compound had a high Tg and had an amorphous 
structure and exhibited blue fluorescence. 
FDMS: 832 



Elemental analysis: 


Found 
Calculated 


C; 90.9 %. H; 5.7 %, N; 3.4 % 
C; 90.8 %. H; 5.8 %, N; 3.4 % 




Example 3 

Synthesis of 9,9-blsI4-(diphenylamlno)-1.1'-blphenypuorene (= Connpound 3): 

[0048] The same procedures as in Example 2 were followed, except for using diphenytamine in place of the N-m- 
tolyl-aniline , to obtain 3.8 g (yield: 85%) of a pale yellow powder. It was confirmed by the elemental analysts and FDMS 
that this pale yellow powder was the desired compound having the following structure. The physical property data are 
given in Table 6. Similar to Compound 1 , this compound had a high Tg and had an amorphous stmcture and exhibited 
blue fluorescence. 
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FDMS: 804 



Elemental analysis: 



Found jC;91.3%, H;5.2%, N;3.6% 
Calculated jC;91.0%, H;5.5%. N;3.5% 



1H-NMR (THF-de, ppm) S: 7.83 (d, 2H), 6.95 to 7.47 (m. 34H) 

13C-NMR (THF-dg, ppm) 6: 152.09. 148.63. 148.03, 145.48. 141.16. 139.90. 135.63, 129.97. 129.33, 128.36. 128.27. 
127.06, 125.19, 124.48, 123.69, 120.93. 66.01 



Synthesis of 2,7-diphenylamino-9.9-bl6[4-(diphenylamlno)-1,1'-biphenyl)fluorene (= Compound 4): 

[0049] 4 g (5.74 mmoles) of 9,9-bis(4'-chioro-biphenyl-4-yl)-2.7-dlbromof luorene obtained in Synthesis Example 2. 
2.65 g (27.6 mmoles) of sodium tert-butoxide. 4.08 g (24.1 mmoles) of diphenylamlne, and 40 ml of xylene were placed 
in a 1 00 ml eggplant type fiask, and the system was purged with nitrogen. A palladium catalyst prepared from 18 mg 
(0.02 mmoles) of tris(diben2ylideneacetone)paiiadium and 50 mg of tri-tert-butylphosphine was added thereto using 
a syringe, and the mixture was heated at 1 25«»C. After aging at the same temperature for 1 6 hours. 40 g of water was 
added to the reaction mixture to temriinate the reaction. After liquid separation, an organic phase was separated and 
concentrated to obtain 8.5 g of a viscous material. This viscous material was purified by silica gel chromatography to 
isolate 6.1 g of an amorphous substance. It was confirmed by the elemental analysis and FDMS that this amorphous 
substance was the desired compound having the following structure. The physical property data are given, in Table 6. 
Slmilartb Compound 1 , this compound had a high Tg and had an amorphous structure and exhibited blue fluorescence. 
FDMS: 1138 




Example 4 



Elemental analysis: 



Found 1C;89.4%, H:5.6%, N;5.0% 
Calculated C; 89.6 %. H; 5.5 %. N; 4.9 % 
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Example 5 

Synthesis of Compound 5: 

5 [0050] A 200 ml eggplant type flask was charged with 5.93 g (11 mmoles) of the compound obtained in Synthesis 
Example 1 , 7.70 g (23 mmoles) of N,N,N'-triphenylphenylenediamine, 2.53 g (26 mmoles) of sodium tert-butoxide, and 
48 g of o-xylene, to which were then added 5.2 mg of palladium acetate and 1 6 mg of tri-tert-butylphosphlne under a 
nitrogen gas stream, and the mixture was heated and stirred at 125*'C for 20 hours. After cooling, 25 g of water was 
added to the reaction mixture and subjected to liquid separatiori, and an organic phase was separated. The resulting 

10 organic phase was concentrated and purified by silica gel chromatography (developing solution: toluene) to obtain the 
desired compound. 
FDMS: 1138 

Example 6 

IS 

Synthesis of Compound 11 : 

[0051] A 1 00 ml eggplant type flasic was charged with 2 g (2.36 mmoles) of 9,9-bls(4'-chIoro-biphenyl-4-yI)-2,7-bls 
(4-biphenylyl)fluorene, 0.84 g (4.96 mmoles) of diphenylamlne, 0.57 g of sodium tert-butoxide, and 20 ml of o-xylene, 

20 to which were then added 5 mg (0.022 mmoles) of palladium acetate and 4 mg of tri-tert-butylphosphine under a 
nitrogen gas stream, and the mixture was heated and stirred at 120'G for 5 hours. After cooling, 20 g of water was 
added to the reaction mixture to temriinate the reaction. After liquid separation, an organic phase was separated and 
concentrated, and then purified by silica gel chromatography to obtain 1 .85 g (yield: 71 %) of the desired compound. 
The results of FDMS measurement, fluorescent spectrum (PL) in a tetrahydrof uran (THF) solution and visible/ 

25 ultraviolet absorption spectrum (UV-VIS) of Compound 11 are shown In Table 7. It was confirmed from PL that Com- 
pound 11 was a blue fluorescent material. 

Example 7 

30 Synthesis of Compound 69: 

[0052] The same procedures as in Example 6 were followed, except for using 1 .75 g of the compound obtained in 
Synthesis Example 6 in place of the 9,9-bis(4'-chloroblphenyl-4-yt)-2,7-bis(4-biphenylyI)fluorene, to isolate 1 ,7 g of the 
desired compound. 

35 [0053] The resutte of FDMS measurement, fluorescent spectrum in a tetrahydrof uran (THF) solution and visible/ 
ultraviolet absorption spectrum of Compound 69 are shown in Table 7. It was conflmned from PL that Compound 69 
was a blue fluorescent material. 

Example 8 

40 ' : ' '■' ' 

Synthesis of Compound 73: 

[0054] The same procedures as In Example 6 were followed, except for using 1 .90 g of the compound obtained In 
Synthesis Example 5 In place of the 9.9-bis(4'-chlorobiphenyl-4-yl)-2,7-bls(4-biphenylyl)fluorenB, to isolate 1 .8 g of the 
45 desired compound. 

[0055] The results of FDMS measurement, fluorescent spectrum In a tetrahydrofuran (THF) solution and visible/ 
ultraviolet absorption spectrum of Compound 73 are shown in Table 7. It was confirmed from PL that Compound 73 
was a blue fluorescent material. 

so Example 9 

Synthesis of Compound 77: 

[0056] The same procedures as in Example 6 were followed, except for using 1 .90 g of the compound obtained in 
55 Synthesis Example 7 In place of the 9,9-bls(4'-chloroblphenyl-4-yl)-2,7-bls(4-blphenylyl)f luorene, to Isolate 1 .8 g of the 
desired compound. 

The results of FDMS measurement, fluorescent spectrum in a tetrahydrofuran (THF) solution and visible/ultra- 
violet absorption spectrum of Compound 77 are shown in Table 7. It was confirmed from PL that Compound 77 was a 
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blue fluorescent material "»3C-NMR (CDCI3. ppm) 6: 64.48. 119.72. 122.B9, 123.82. 124.41. 126.24, 127.03. 127.30, 
127.47, 128.13. 128.36, 128.73, 129.24, 129.56, 130.12, 134.72, 136.86. 138.38. 138.49, 140.32, 142.23. 143.31, 
143.94, 146.99, 147.63, 151.09 



Table 7 



Example 


6 


7 


8 


9 


Compound 


(11) 


(69) 


(73) 


(77) 


FDMS 


1108 


1068 


1008 


1160 


UV-VIS Xmax/nm 


340 


347 


343 


340 


PL Ajmax/nm ""J 


386,400 


398. 424 


405, 429 


450 


Melting point (°C) 


Nil 


206 


Nil 


Nil 


Glass transition temperature 
CO 


156 


183 


152 


148 



1): e = 1 .0 X 10"® moIe/L (THF) 



With respect to Compounds 11 , 69 and 77 obtained in Examples 6, 7 and 9, respectively, the PL measurement 
results of thin film are shown in Fig. 1 . Even in the thin film, blue luminescence was observed similar to the solution. 

Example 10 

Synthesis of Compound 20: 

[0057] The same procedures as In Synthesis Example 1 were followed, except for using 4,4*-(9-fluorenylidene) bis 
(1 -trifluoromethylsuifonyl-S-methylphenyl) in place of the 9.9-bls[4-(trifluoromethylsulfonyl)phenyl]fluorene, to obtain a 
compound having the following structure. Further, the same procedures as in Example 3 were followed using the 
resulting compound and diphenylamine. to synthesize the desired Compound 20. 
FDMS: 832 



35 



40 




[0058] It should further be apparent to those skilled In the art that various changes in form and detail of the Invention 
as shown and described above may be made. It Is intended that such changes be included within the spirit and scope 
of the claims appended hereto. 



Claims 

1 . An arylamine derivative represented by the general formula (1 ): 
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-r4 



(1) 




Ar^ 



Wherein RUo each Independently represents a hydrogen atom, a linear, branched or cyclic alky! group or alkoxy 
group, an aryl group, an aryloxy group, a halogen atom, an amino group, or a group represented by the following 
general formula (2), (3) or (4); Ar^ and Ar^ each independently represents a substituted or unsubstrtuted aryl group 
or hetero-aromatic group, and Ar^ and Ar^ may fomn a nitrogen-containing heterocyclic ring together with the ni- 
trogen atom to which Ar^ and Ar^ bond; and Ai^ represents a substituted or unsubstrtuted arylene group: 



wherein Y represents a group represented by any one of the following general fomnulae (5a) to (5f); and W repre- 
sents a hydrogen atom or a substituted or unsubstltuted aryl group: 



w 






(5a) 




(5b) 




R5 



R5 



R5 



(5c) 
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wherein R V may be the same or different and each represents a hydrogen atom, a linear, branched or cyclic alkyi 
group or alkoxy group, an ester group, a hydroxyl group, a halogen atom, a cyano group, a nitro group, an amino 
group, an aryl group, or an aryloxy group; E represents -CR^- or a nitrogen atom; D represents any one of an 
oxygen atom, a nitrogen atom, or a sulfur atom; R^ represents a hydrogen atom, a linear, branched or cyclic alkyI 
group, an aryl group, an amino group, a cyano group, a nitro group, a hydroxyl group, or a halogen atom; and I 
and m each represents an integer of from 0 to 4, satisfying the relation of (1 + m) < 4: 



or 




wherein R^'s' may be the same or different and each represents a hydrogen atom, a linear, branched or cyclic alkyi 
group or alkoxy group, an ester group, a hydroxyl group, a halogen atom, a cyano group, a nitro group, an amino 
group, an aryl group, or an aryloxy group; E represents -CR®- or a nitrogen atom; R^ represents a hydrogen atom, 
a linear, branched or cyclic alkyl group, an aryl group, an amino group, a cyano group, a nitro group, a hydroxyl 
group, or a halogen atom; D represents any one of an oxygen atom, a nitrogen atom, or a sulfur atom; and r and 
s each represents an integer of from 0 to 4, satisfying the relation of (r -i- s)^ 4. 

The arylamine derivative as claimed in claim 1 , wherein in the general formula (1), at least one of Ar^ and Ar^ 
represents a substituted or unsubstituted condensed ring aromatic group. 
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3. The arylamine derivative as claimed in claim 2, wherein the condensed ring aromatic group represents a 1 -naphthyl 
group, a 9-phenanthfyl group, or a 2-fluorenyl group. 

4. The arylamine derivative as claimed in any one of ciaims 1 to 3, wherein in the general formula (1 ), Ar^ represents 
a phenylene group. 

5. The arylamine derivative as claimed In claim 4, wherein In the general fomnula (1), and each represents a 
hydrogen atom, and which is represented by the following general formula (6): 




6. The arylamine derivative as claimed in any one of claims 1 to 5, wherein in the fomnula (1), and R^ each 
represents the group represented by the general fomiula (2); Y is represented by any one of the general formulae 
(5a) to (5c); and W represents a hydrogen atom or an unsubstituted phenyl group. 

7. The arylamine derivative as claimed in claim 6, wherein Y represents any one of the following general fomiulae 
(7a) to (7c): 




8. The arylamine derivative as claimed In claim 6 or 7, wherein W represents a hydrogen atom. 

9. The arylamine derivative as claimed in any one of claims 1 to 6, wherein in the general formula (1), R"" and R2 
each represents the group represented by the general fomnula (3); E represents -CH-; and D represents a sulfur 
atom, 

10. The arylamine derivative as claimed In any one of claims 1 to 9, having an amorphous structure. 

1 1 . A process of producing the arylamine derivative as claimed in any one of claims 1 to 1 0, which connprises reacting 
a di(haloaryl)fluorene represented by the following general fonmula (8): 
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(8) 



10 

wherein to and Ar^ each represents the same substituent as defined previously; and X'^ and each rep- 
resents a chlorine atom, a bromine atom, or an iodine atom, and an amine compound represented by the following 
general formula (9): 

wherein Ar^ and Ar^ each represents a substituted or unsubstituted aryl group or hetero-aromatic group, and Ar^ 
and Ar^ may form a nitrogen-containing heterocyclic ring together with the nitrogen atom to which Ar^ and Ar^ 
bond, in the presence of a base using a palladium catalyst. 

12. The process of producing the arylamine derivative as claimed In claim 11, wherein the palladium catalyst is a 
catalyst comprising a tertiary phosphine and a palladium compound. 

13. The process of producing the arylamine derivative as claimed In claim 12, wherein the tertiary phosphine is tri- 
30 tert-butylphosphine. 

14. An organic electroluminescence device comprising the arylamine derivative as claimed In any one of claims 1 to 
10 in any one of a luminescent layer, a hole transport layer, and a hole injection layer. 

35 15. A di(haloaryl)fluorene derivative represented by the following general formula (8): 




(8) 



wherein Ri to R^ and Ai^ each represents the same substituent as defined previously; and X^ and X^ each rep- 
resents a chlorine atom, a bromine atom, or an iodine atom. 

so 

18. The di(haloaryi)fluorene derivative as claimed in claim 15, wherein in the general formula (8), Ar^ represents a 
phenylene group. 

17. The di(haloaryl)fluorene derivative as claimed in claim 16, wherein in the general fomnula (8), and R"^ each 
55 represents a hydrogen atom, and which is represented by the following general fomiula (1 0): 
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18. The di(haloaryl)fluorene derivative as claimed in any one of claims 15 to 17, wherein and each represents 
a chlorine atom. 

19. The di(haloaryl)fluorene derivative as claimed in any one of ciainr^ 1 5 to 1 8, wherein and R2 each independently 
represents a hydrogen atom, an Iodine atom, a bromine atom, or a chlorine atom. 

20. A process of producing the di(haloaryl)fiuorene derivative as claimed in any one of claims 1 5 to 1 9. which comprises 
reacting a fluorene derivative represented by the foltowing general fomiula (11 ): 




wherein R** to R^ each represents the same substrtuent as defined previously, 
and an aryl boronic acid represented by the following general fomiula (12) or (13): 

X3-Ar^(QR»)2 (12) 



wherein represents a halogen atom; represents a hydrogen atom, a methyl group, or an ethyl group; and 
Ai^ represents a substituted or unsubstituted arylene group, 
In the presence of a base and a palladium catalyst. 

21. The process of producing the di(ha!oaryl)fluorene derivative as claimed in claim 20, wherein in the general formula 
(12), X^ represents a chlorine atom, and R9 represents a hydrogen atom. 
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